negative outcomes include elevated physiological stress (Aiello, Nicosia, & Thompson, 1979; Evans, Lepore, Shejwal, & Palsane, 1998) , increased behavioral problems (Evans et al., 1998; Saegert, 1982) and delayed cognitive development (Essen, Fogelman, & Head,1978; Evans et al., 1998; Goduka, Poole, & Aoktak-Phenice, 1992; Gottfried & Gottfried, 1984; Maxwell, 1996; Murray, 1974; Rutter, Tizard, & Whitmore, 1970; Wachs & Gruen, 1982; Wedge & Petzing, 1970) .
Our primary objective in this paper is to examine the psychological processes that may help explain the link between residential crowding and cognitive development in children. Several studies with adults (Baum, Gatchel, Aiello, & Thompson, 1981; Baum & Valins, 1977; Evans & Lepore, 1993; Evans, Rhee, Forbes, Allen, & Lepore, 2000) reveal that residents cope with the plethora of unwanted social interaction accompanying crowding by social withdrawal. In addition, parents in more crowded homes are less responsive to their children compared to parents in less crowded homes (Bradley & Caldwell, 1984; Evans, Maxwell, & Hart, 1999; Wachs, 1989; Wachs & Camli, 1991) .
Given the well-documented association between parental unresponsiveness and poor 4 cognitive development in children (Bradley et al., 2001; Grant, Compas, Stuhlmacher, Thurm, McMahon, & Halpert, 2003; Repetti, Taylor, & Seeman, 2002) , we tested the hypothesis that parental responsiveness mediates the crowding -cognitive development link.
In Study I we employ a sample with children at 15 and 36 months of age from a national US data set that enabled both cross-sectional and prospective tests of the hypothesis. In Study II we test the generalisability of the findings in 36 month olds from the largest study of child development to date, the UK Millennium Cohort, involving more than ten thousand children. Moreover, we examined crowding, maternal responsiveness, and cognitive development in age cohorts (9, 15 and 36 month olds) that have received scant attention in the crowding literature.
Study I Method

Participants
Study I utilized a sample of 80, thirty-six month old children born in 1991 from families at one of the ten sites (Little Rock, AR) participating in the NICHD Study of Early Child Care and Youth Development. This research program is a national, longitudinal study of children's cognitive and social development with special focus on the effects of experiences in child care, home, and school (NICHD Early Child Care Research Network, 2001) . Unfortunately, only the Little Rock site obtained data on residential density of children's homes. Of the 121 children enrolled at 36 months, 80 had 5 data available on number of people and number of rooms in the household from birth through 36 months.
The Little Rock sample was 80% White, 19 % Black. Maternal education averaged 13.9 years of schooling, and maternal age 27.6 years. Fifteen percent of the families fell below the poverty line, and the median income-to-needs ratio was 2.5. The income-to-needs ratio is an annually adjusted per capita index comparing household income to federal estimates of minimal requirements for food and shelter. An income-toneeds ratio of 1 is the US Federal Poverty Line. Child gender was equally divided.
Procedure
Data concerning household and family features, as well as maternal characteristics, were collected through periodic home visits, supplemented by intervening 
Measures
Residential density. At 15 and 36 months, residential density was measured as the ratio of the number of people in the household to the number of rooms. People-per-room, rather than other crowding indices, has been most consistently related to health and behavioral outcomes (Baum & Paulus, 1987; Evans, 2001; 2006) . Two measures of residential density were obtained, reflecting the child's cumulative experience from birth 6 to 15 months and birth to 36 months. In each case, the density ratio was based on the mean people per month and mean rooms per month since the child's birth, thus taking into account any changes in residence or in number of people.
Maternal responsiveness. During a home visit at 36 months of age, the early childhood version of the Home Observation for Measurement of the Environment (HOME) Inventory (Bradley & Caldwell, 1984) was administered by raters trained by one of the authors, and subjected to a series of certification tests prior to data collection.
Inter-rater reliability on the HOME exceeded 90%. The Maternal Responsiveness subscale of the HOME consisting of seven binary items (yes-no) was used. This subscale, which has excellent reliability and validity (Bradley, 1994 ) assesses mother's sensitivity and responsiveness to the child's needs and interests.
School Readiness. School readiness was represented by standard scores from the Bracken Scale of Basic Concepts (Bracken, 1984) . In order to make these scores comparable to those employed in the UK Millennium Cohort study, they were converted to a scale with a Mean of 100 and a Standard Deviation of 15. The Bracken consists of 61 items assessing letter and color identification, shape recognition, knowledge of numbers/counting, and comparisons.
Results and Discussion
As illustrated in Table 1 , residential density both at 15 (r = -.36) and 36 months (r = -.35) is negatively correlated with 36-month school readiness. These findings replicate prior, cross-sectional findings (see Evans, 2001 ; 2006 for reviews of this literature).
Moreover, density at both ages is negatively correlated with maternal responsiveness (r's = -.28, -.29) which has been uncovered in a handful of previous studies (Bradley & Caldwell, 1984; Evans et al., 1999; Wachs, 1989; Wachs & Camli, 1991) . Maternal responsiveness is also correlated with school readiness, r = .31. Of particular interest to us, however, is whether the pattern of correlations among density, maternal responsiveness, and school readiness (see Table 1 ) is consistent with our hypothesis that the relationship between residential crowding and deficits in cognitive development is due, in part, to diminished maternal responsiveness in crowded homes.
____________________
Insert Table 1 about here ____________________ More direct evidence for this mediational hypothesis is contained in Table 2 .
Rows 1 and 2 show the direct effects of density at 15 and 36 months, respectively on school readiness, controlling for child gender, maternal age and education, and family income. Row 3 indicates that once maternal responsiveness is included in the equation, Density at 36 months no longer predicts school readiness. Row 4 shows parallel longitudinal with Density at 15 months predicting School Readiness at 36 months. covering child health and development, family structure, education and employment, parental health and psychological well-being, as well as parenting styles and housing conditions . The first wave of data collection of the MCS took place during 2001 and 2002 when most babies were 9-months old and the second wave during 2003 and 2005 when most were 36-months old (Hansen &Joshi, 2007) . Due to disproportionate sampling of households in areas of greater child poverty, special weights were applied when analyzing these data (Plewis et al, 2004 ).
The analytic sample of 10,050 babies was 93% White, with the remainder from a number of minority groups. Thirty nine percent of mothers had completed university education, 53% had some form of academic or vocational qualification and the remaining 9 8% reported no qualifications. The median household income was £330/week. The sample comprised an equal proportion of male and female children. In the case of multiple births, only one child from the household was included in the present analyses.
Procedure
Data from the 9 and 36 month waves were collected from parents through personal interview and self-completion questionnaire. In addition, cognitive testing and observations were carried out by the interviewer at age 36 months (George, Hansen & Schoon, 2007) .
Measures
Residential density. At 9 and 36 months, residential density was measured as the ratio of the number of people in the household to the number of rooms. The mean of these two density measures was used as an index of exposure to crowding.
Maternal responsiveness. During a home visit, interviewers completed an abbreviated version of the HOME Observation for Measurement of the Environment (HOME) Inventory (Bradley & Caldwell, 1984) , including four items from the Maternal Responsiveness subscale (α = 63). Since the full maternal responsiveness scale of 7 items was used in the US sample, we calculated the correlation between the short and regular version of the scale in the full NICHD set from all 10 US sites. The scales are highly correlated, r = .91.
School Readiness. School readiness was represented by age-standardised scores from the Bracken Scale of Basic Concepts (Bracken, 1984) , administered by interviewers during home visits.
A number of additional control variables were included in the analyses: maternal education (based on National Vocational Qualification (NVQ) levels (Bradshaw, Mayhew, Dex, Joshi, & Ward, 2005) for the highest academic or vocational qualification attained by the mother; gender of child; maternal age at birth; and household income at 36 months, equivalised for household size and composition (Hansen & Joshi, 2007) .
Results and Discussion
As shown in Table 3 , the zero order relations among residential density, school readiness, and maternal responsiveness uncovered among 36-month-olds in Little Rock, Arkansas were replicated in the UK Millennium Cohort Study. Children in more crowded homes at 36 months of age are less ready for school (r = -.29) and have mothers who are less responsive (r = -.13). Maternal responsiveness and school readiness are again correlated as well (r = .16). 
____________________ Insert
General Discussion
Residential crowding during early childhood predicts school readiness at 36 months both concurrently (Studies I and II) and prospectively (Study I). The links between crowding and cognitive development are robust herein and replicate earlier cross-sectional studies showing negative correlations between crowding and cognitive development in early and middle childhood (Essen et al., 1978; Evans et al., 1998; Goduka et al., 1992; Gottfried & Gottfried, 1984; Maxwell, 2003; Murray, 1974; Rutter et al., 1970; Wachs & Gruen, 1982; Wedge & Petzing, 1970) . Only Gottfried and Gottfried (1984) and Wachs and Gruen (1982) examined children in this age range (15-12 variables as we have in the present study. Our prospective data are especially interesting because they suggest that processes connecting crowding to lower levels of cognitive attainment are initiated in infancy. The developmental timing of these processes comports with the broader literature on SES which show delays in cognitive functioning beginning by the second year of life (Bradley & Corwyn, 2002) .
Our data also reveal, for the first time, that the well-documented linkages between higher residential crowding and poorer cognitive development are largely mediated by diminished maternal responsiveness. These findings extend previous, cross-sectional work showing negative correlations between crowding and maternal responsiveness (Bradley & Caldwell, 1984; Evans et al., 1999; Wachs, 1989; Wachs & Camli, 1991 ).
Herein we show that greater crowding, at ages 9, 15 and 36 months of age, is related to less maternal responsiveness at 36 months of age. Mediational analyses suggest that this relation explains some of the association between crowding and cognitive development.
Although the basic findings replicate across the two different, cross-sectional samples as well as longitudinally in the US sample, there are some differences in the findings. The magnitude of the mediation is clearly stronger in Study I with a 14% reduction in the b weight for density compared to a 6% reduction in Study II. Note also that the zero order correlations between density and maternal responsiveness as well as between maternal responsiveness and school readiness in the US sample are larger than in the UK sample (see Tables 1 and 3 ). Since the mean levels and variance in density were similar across the two samples, it is unlikely that different levels of exposure to 13 crowding can account for the stronger relations between density and maternal responsiveness in the Little Rock sample vis a vis the UK sample. The Little Rock Sample, however, is more ethnically diverse, less educated, and has a larger proportion of low-income families compared to the UK sample. The Little Rock data also reveal lower levels of school readiness and maternal responsiveness compared to the UK data.
One possible reason for the stronger, mediational effects of maternal responsiveness in the US compared to the UK sample is tolerance to crowding. Perhaps UK residents are more accustomed to smaller homes than Americans are. Note that the zero order correlations between residential density and the Bracken were somewhat smaller (r = -.29) in the UK than in the US (r = -.35). In interpreting the findings one should also take into consideration that although measures were similar in both studies, they were not identical. Further, there might be other mediators linking crowding to children's cognitive development besides maternal responsiveness. Parents in more crowded homes speak less often to their children (Evans et al., 1999) , and high density homes are noisier and more chaotic (Evans, 2006) . One valuable extension of the present study would be to investigate residential crowding in conjunction with crowding in early childcare settings. Experimentally induced increases in classroom density produced more off task time in kindergartners (Krantz, 1974) , and children in more crowded daycare centers, independent of social class, had diminished cognitive development (Ruopp et al., 1979) . Moreover, the adverse relations between residential density and preschooler's cognitive development were amplified by crowded daycare 14 settings (Maxwell, 1996) . It would be particularly interesting to examine whether caregiver responsiveness in early childcare settings plays a mediating role between school or daycare crowding and delayed cognitive development similar to that found herein. The UK Millennium Cohort Study will also afford an unprecedented opportunity to examine how crowding over the life course influences cognitive as well as socioemotional development since these children are continuing to be monitored as they grow up.
Some of the adverse, socioemotional and cognitive developmental sequelae of suboptimal living and school conditions such as crowding, noise, or poor construction quality (Evans, 2001; 2006) may occur because of their impact on adult-child interaction.
The quality of physical settings inhabited by children affects their development and some of this is likely due to adjustments their parents or teachers make to cope with those same suboptimal conditions. 1 Density in the UK sample was the mean of people per room at 9 and 36 months of age. 
